In Iran, an iodine deficiency control program was initiated in 1989 by iodizing salt. Despite this program, goiters have remained an endemic condition in most parts of Iran. Thus, it is possible that other factors aside from iodine deficiency may contribute to endemic goiter. The aim of this study was to investigate the association between cobalt deficiency and endemic goiter in a region of Iran with a high prevalence of goiter. Methods: A cross-sectional study was conducted among school children aged 9 to 11 years in the city of Kerman, Iran. In the first phase of the study, a multistage, proportional-to-size, cluster sampling method was used to screen 5,380 out of 29,787 students. After the screening phase, 170 students (130 goitrous and 40 nongoitrous) were randomly selected, and serum and urine specimens were obtained. We measured thyroid function, serum cobalt level, and urinary iodine excretion. Univariate and multiple logistic regression analyses were performed. Results: The prevalence of grade 2 goiters was 34.8% (95% confidence interval [CI], 31.5 to 42.5), with both sexes being equally affected. The weight and body mass index of goitrous subjects was significantly lower (P<0.001) than those of nongoitrous subjects. The serum cobalt levels were lower in goitrous subjects than in nongoitrous subjects (4.4±2.9 µg/L vs. 6.4±2.7 µg/L). The urinary iodine levels were also lower in goitrous subjects than in nongoitrous subjects (198.3±108.3 µg/L vs. 270.2±91.1 µg/L). Multiple regression analysis showed that only cobalt deficiency, not iodine deficiency, significantly contributed to the presence of goiter (odds ratio, 0.78; 95% CI, 0.61 to 0.99; P=0.042). Conclusion: Cobalt deficiency may be an important independent predicator for goiter in endemic regions, especially areas in which goiters persist despite salt iodization programs.
INTRODUCTION
Goiters are one of the most visible consequences of iodine deficiency [1] , and Iran is a naturally iodine-deficient area. In 1969, the first epidemiologic survey on goiters in Iran revealed this high prevalence of iodine deficiency and goiters in most parts of Iran [2] . In 1989, an iodine deficiency control program, in which salt was iodized, was implemented in Iran. By 1996, as much as 93% of the rural and 97% of the urban population of the country were using iodized salt [3] . National reports in 2002 and 2008 declared that Iran's control program for iodine deficiency is ongoing [3, 4] , but nonetheless, goiters remain an endemic condition in most parts of Iran, especially among school-aged children [3] [4] [5] [6] [7] . Thus, it is feasible that factors other than iodine deficiency either directly or indirectly contribute to the etiology of endemic goiter [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . One possible contributing factor is cobalt, which is a rare trace element that has been shown to have goitrogenic effects [20] [21] [22] . Thus, the aim of this study was to investigate the goiter status in the city of Kerman, an area of endemic goiter in Iran, and to determine the association between serum cobalt levels and the presence of goiter.
METHODS
This cross-sectional study was carried out among schoolchildren aged 9 to 11 years in the city of Kerman, the capital of Kerman, Iran. Sampling was performed from the records of all primary schools in the first and second districts of the city, which were obtained from Kerman's General Education Administration.
Notably, students with grade 2 goiters were assigned as cases and those with grade 0 goiters were assigned as controls. In this biphasic study, the first phase of study targeted 29,787 populations of 9 to 11-year-old students. Of these students, 5,380 were randomly selected using a multistage, proportional to population size sampling method. For all of the students, weight and height were measured, and body mass indexs (BMIs) were calculated. During the clinical thyroid examination, the thyroid size was recorded according to the World Health Organization/UNICEF/International Council for the Control of Iodine Deficiency Disorders criteria as grade "0" for no enlarged thyroid, grade "1" for a palpable and enlarged, but not visible thyroid, and grade "2" for an enlarged, visible goiter [23] . If the grading of a thyroid fell between grades, the immediate lower grade was recorded. In order to monitor the accuracy of the examinations, the thyroid size of 10% of the samples, which were randomly selected, were re-examined by the first author (MS). In addition, continual training sessions were performed for the examiners before and during the study in order to ensure proper examination
In the second phase of the study, a subgroup of students was randomly selected among participating students from the first phase. Serum samples from 130 randomly selected goitrous students and 40 randomly selected nongoitrous students were then collected to evaluate thyroid function tests, urinary iodine excretion, and serum cobalt levels. Thyroid stimulating hormone (TSH), thyroxine (T4), and triiodothyronine (T3) were measured with a radioimmunoassay technique using an IRMA kit (Kavoshyar, Tehran, Iran). Urinary iodine excretion was measured in causal urine samples by the digestion method. Serum cobalt was determined using the electrothermal atomic absorption spectrometric method described by Todorovska et al. [24] . Serum cobalt levels of 1.2 to 36 µg/L, TSH levels of 0.5 to 6 mU/L, and serum T4 levels of 4.6 to 11 nmol/L were considered to be normal. Iodine deficiency was defined as having a urinary iodine excretion less than 100 µg/L.
All subjects and their parents or guardians were briefed on the study objectives during a school visit, and parents or guardians gave their written informed consent. The ethics committee of Kerman's University of Medical Sciences approved this study protocol.
All continuous data are presented as the mean±SD and were compared using independent t tests. Categorical data are shown as numbers and percentages and were compared using the chi-square test. Multivariate logistic regression was used to calculate the crude and adjusted odds ratios (ORs) for the association between goiter (as the dependent variable) and other independent variables including age, sex, T3, T4, urine iodine level, and cobalt level. The crude and adjusted ORs with 95% confidence intervals (CI) are presented. Comparisons with P values less than 0.05 were considered statistically significant. All analyses were conducted using Stata/SE version 11 statistical software (StataCorp, College Station, TX, USA).
RESULTS
Of the 5,380 recruited students, 3,401 were males, and 1,979 were females. The prevalence of grade 2 goiters was 34.8% (95% CI, 31.5 to 42.5), and both sexes were affected equally (34.8% for each sex). There were no significant differences in height between the two groups, but weight and BMI were significantly lower in the goitrous patients (P<0.001) compared to the nongoitrous patients. A summary of the study population demographics are shown in Table 1 .
The characteristics of the subgroup population are presented in Table 2 . In the subgroup population, serum cobalt levels were significantly lower in goitrous subjects than in nongoitrous subject (4.4±2.9 µg/L vs. 6.4±2.7 µg/L, P<0.001). The excretion of urinary iodine were also significantly lower in goitrous subjects than in nongoitrous subjects (198.3±108.3 µg/L vs. 270.2±91.1 µg/L, P<0.001).
As seen in Table 3 , the initial univariate analysis showed cobalt and iodine deficiency to be associated with a statistical- 
DISCUSSION
In this cross-sectional study in the city of Kerman, we demonstrated the rate of grade 2 goiter to be 34.8% for both genders. The province of Kerman is located in Central Iran, an area previously known to be a hyperendemic region of iodine deficiency and goiter. Seven years after the commencement of the national iodine deficiency control program, the prevalence of goiter among schoolchildren in the province of Kerman was still as much as 59% [5] . Although, in 2001, the goiter prevalence decreased to 31.6% in this population [6] . The differences between our results and the results of previous studies are likely due to differences in the target populations. In the mentioned studies, the target population was 8-to 10-year-old in the province of Kerman, but we enrolled 9-to 11-year-old children in the city of Kerman.
Cobalt is a trace element with properties similar to iron and nickel. This trace element is a well-known component of vita- Copyright © 2014 Korean Endocrine Society min B12, essential for B12's biosynthesis, which is necessary for producing red blood cells and maintaining the nervous system. However, excessive cobalt intake causes goiter and reduces thyroid activity [25] . Since our region is a hyperendemic goiter area, this study was designed to compare the prevalence of cobalt excess as a cause of goiter between goitrous and non-goitrous children and to assess the relationship between serum cobalt levels and thyroid hormones, as well. However, our results demonstrated a significant positive association between cobalt deficiency and the presence of endemic goiter. On the other hand, our analyses showed no significant association between goiter and iodine deficiency. The iodine deficiency control program of Iran, which consisted of salt iodization programs, has been in place since 1989. Moreover, previous studies have shown adequate iodine intake in schoolage children in Kerman since 1996 [5, 6] . Despite years of adequate iodine intake in Kerman, the prevalence of goiter has not decreased appreciably, and many regional studies investigating the effects of different factors, mainly immune and dietary, as the cause of endemic goiter confirm this finding [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Currently, the literature regarding cobalt and thyroid function, especially the presence of goiter, is scarce. Despite the scarcity of specific literature, the consensus of the literature suggests that increased levels of cobalt may confer damaging and goitrogenic effects. The first reports of the goitrogenic action of cobalt came out in 1955 in animal experiments and in human subjects [20] . Additionally, research shows that the lung, skin, thyroid, heart, and bone marrow are potential target organs of cobalt [21] . In 1961, three cases of cobalt-induced goiter were reported in the pediatric ward of Vanderbilt University Hospital [20] . One proposed mechanism by which cobalt may induce goitrogenic effects is via inhibition of one or more of the enzymatic reactions at different levels of thyroid hormone formation [20] . Occupational exposure to cobalt was evaluated in female plate painters in Denmark and in cobalt refinery workers [21] . In the Danish study, there was no correlation between urinary cobalt and serum TSH or thyroid volume [20] . In the refinery worker study, a slight interference with thyroid metabolism (decreased T3, T4, and increased TSH) was found in the exposed group. However, no cases of hypothyroidism were found [21] .
As our results show, it is conceivable that iodine deficiency may no longer be the primary cause of goiter in Kerman. Cobalt deficiency may be one of the reasons for the persistence of goiter in this region, despite the successful iodine supplementation programs. Our results showed a greater deficit in cobalt levels in the goitrous group compared to the nongoitrous group, which is in contrast to the available literature that suggests that increased levels of cobalt tend to cause goitrogenic effects. However, the underlying mechanism and pathogenesis of the effects of cobalt, be it in excess or deficiency, on the thyroid is not yet known, suggesting a potential role for additional contributing factors, and suggesting a need for further, larger-scale investigation.
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